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Abstract of JP2001085737 

PROBLEM TO BE SOLVED: To improve light emitting 
efficiency by adding group VII elements on a GaN substrate 
and setting the thickness of an intermediate layer thereon to 
be not less than a specified one and setting the content of the 
group VII elements to be not more than a detection limit. 
SOLUTION: An n-GaN layer 2 being an intermediate layer 
whose thickness is not less than 0.2 &mu m and whose 
content of group VII elements is set to be a detection limit is 
formed on a GaN substrate 1 to which the group VII elements 
are added by a MOCVD method. An InGaN-MQW light- 
emitting layer 3, a p-AIGaN layer 4, a p-GaN layer 5 and a p+- 
GaN contact layer 6 are sequentially laminated on the n-GaN 
layer 2. Then, an n-electrode 7 and a p-electrode 8 are 
installed on the outermost layers of a laminated body. Thus, a 
light emitting element whose light emitting characteristics and 
life characteristics are satisfactory can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the nitride semi-conductor light emitting device to which it is the nitride semi-conductor light emitting device which has a 
GaN substrate, an interiayer on a GaN substrate, and a luminous layer on an interiayer, a VII group element is added by said GaN 
substrate, and an interiayer is characterized by for thickness being 0.2 micrometers or more, and the content of a VII group element 
being below limit of detection. 

[Claim 2] The nitride semi-conductor light emitting device according to claim 1 characterized by the range of the concentration of the 
Vn group element added by said GaN substrate being 1x1016cm-3 to 1xl020cm-3. 

[Claim 3] Said interiayer is a nitride semi-conductor light emitting device according to claim 1 or 2 characterized by having the layer by 
which IV group or VI group element was added in 1xl017cm-3 to 1x1020cm-3. 

[Claim 4] Said GaN substrate is a nitride semi-conductor light emitting device given in either of claims 1-3 characterized by including CI 
as an element added. 

[Claim 5] It is a nitride semi-conductor light emitting device given in either of claims 1-4 characterized by for said substrate being n 
mold substrate and said interiayer's dopant being n mold dopant. 

[Claim 6] claims 2-5 characterized by being larger than the dopant concentration of the layer from which said interiayer is formed from 
two or more nitride semi-conductor layers, and the dopant concentration of the layer of the side near said GaN substrate constitutes 
the interiayer of the side near said luminous layer — a nitride semi-conductor light emitting device given in either. 

[Claim 7] The above-mentioned nitride semi-conductor light emitting device is a nitride semi-conductor light emitting device which it is 
semiconductor laser, and the above-mentioned interiayer is formed from the above-mentioned GaN substrate side in two or more layers 
containing a n-InGaN substrate layer, a n-AIGaInN cladding layer, and a n-InGaN guide layer, and constitutes the semiconductor laser 
according to claim 1 characterized by this interiayer's sum total thickness being 0.5 micrometers or more. 

[Claim 8] The nitride semi-conductor light emitting device according to claim 7 characterized by the dopant concentration in a n- 
AIGalnN cladding layer and a n-InGaN guide layer being three or less [ 3 or more / 1xl017cm - / cm / 1x1019 / - ] among the above- 
mentioned interiayers. 

[Claim 9] The nitride semi-conductor light emitting device according to claim 7 characterized by the thickness of the above-mentioned 
n-AIGaN cladding layer being 1.5 micrometers or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a nitride semi-conductor light emitting device. 
[0002] 

[Description of the Prior Art] The light emitting device using a gallium nitride system compound semiconductor can be made to emit 
light on the broad wavelength from blue to orange by a<ijusting the presentation of each compound semiconductor layer. Drawing 1 1 is 
the nitride semi-conductor light emitting device using the conventional GaN indicated by JP,7-94784.A as a substrate. Rrst. the GaN 
substrate 33 is obtained with the CVD method which uses Ga. HCI, NH3. etc. as a raw material. Then, by carrying out the laminating of 
the n-GaN layer 34. the InGaN luminous layer 35, and the p-GaN layer 36 on this substrate, the layered product was formed and 
electrodes 31 and 32 are formed in each of both of this layered product. 

[0003] 

[Problem(s) to be Solved by the Invention] However, in order to obtain the light emitting diode which has higher luminous efficiency, or 
the semiconductor laser which has a lower threshold, the component of the luminous efficiency made into the purpose and a life 
property cannot be obtained only by the Prior art mentioned above. Therefore, the new technique for obtaining higher luminous 
efficiency and long lasting light emitting diode is searched for. 

[0004] This invention is made in order to solve the above-mentioned technical problem, and the purpose is offering the light emitting • 

device using higher luminous efficiency and a long lasting gallium nitride system compound semiconductor. 

[0005] 

[Means for Solving the Problem] The nitride semi-conductor light emitting device of this invention is a nitride semi-conductor light 
emitting device which has a GaN substrate, an interlayer on a GaN substrate, and a luminous layer on an intertayer. a VII group element 
is added by said GaN substrate, thickness is 0.2 micrometers or more, and an interiayer is characterized by the content of a VII group 
element being below limit of detection. 

[0006] The nitride semi-conductor light emitting device of this invention is characterized by the range of the concentration of the Vn 
group element added by said GaN substrate being 1x1016cm-3 to 1x1020cm-3. 

[0007] In the nitride semi-conductor light emitting device of this invention, said interiayer is characterized by having the layer by which 
IV group or VI group element was added in 1x1017cm-3 to 1x1020cm-3. 

[0008] In the nitride semi-conductor light emitting device of this invention, said GaN substrate is characterized by including CI as an 
element added. 

[0009] In the nitride semi-conductor light emitting device of this invention, said substrate is n mold substrate and it is characterized by 
said interiayer's dopant being n mold dopant. 

[0010] In the nitride semi-conductor light emitting device of this invention, said interiayer is formed from two or more nitride semi- 
conductor layers, and is characterized by the dopant concentration of the layer of the side near said GaN substrate being larger than 
the dopant concentration of the layer which constitutes the interiayer of the side near said luminous layer. 

[0011] The nitride semi-conductor light emitting device of this invention is semiconductor laser, and the above-mentioned interiayer is 
formed from the above-mentioned GaN substrate side in two or more layers containing a n-InGaN substrate layer, a n-AIGaInN cladding 
layer, and a n-InGaN guide layer, and it is characterized by this interiayer's sum total thickness being 0.5 micrometers or more. 
[0012] The nitride semi-conductor light emitting device of this invention is semiconductor laser, and is characterized by the dopant 
concentration in a n-AIGaInN cladding layer and a n-InGaN guide layer being three or less [ 3 or more / 1x1017cm - / cm / 1x1019 / - 
] among the above-mentioned interiayers. 

[0013] The nitride semi-conductor light emitting device of this invention is semiconductor laser, and is characterized by the thickness of 
the above-mentioned n-AIGaN cladding layer being 1 .5 micrometers or less. 

[0014] in addition, the interiayer in this specification may come out further, there may be. and even if the number of them is [ two or 
more ]. he does not matter. When the number of interiayers is [ two or more ], in all layers, a VH group element needs to be below limit 
of detection. 
[0015] 

[Embodiment of the Invention] Hereafter, this invention is explained based on a concrete example. 

(Example 1) Drawing 1 shows the structure of the nitride system compound semiconductor light emitting device concerning this 
invention. In this drawing, the light emitting device is constituted by forming the n electrode 7 and the p electrode 8 in each of the 
outermost layer of a layered product which consists of the n-GaN layer 2 by which the laminating was carried out one by one on the n- 
GaN substrate 1. the InGaN-MQW luminous layer 3. the p-AIGaN layer 4, a p-GaN layer 5. and a p+-GaN contact layer 6. In this 
example, an interiayer is only the n-GaN layer 2. 

[0016] The component of drawing 1 is produced as follows. The GaN substrate 1 in this drawing has been obtained by carrying out the 
laminating of the thick film of GaN. adding chlorine (CI) on Si substrate, and removing only Si by selective etching after that. 
[0017] tiius, the obtained GaN substrate 1 (CI;5x1016cm-3) top — MOCVD — the laminating of the n-GaN layer 2 (0.2 micrometers in 
Si:5x1019cm-3. thickness), the InGaN-MQW luminous layer 3. the p-AIGaN layer 4. the p-GaN layer 5, and the p+-GaN contact layer 6 
Is carried out in the well-known process one by one by law. If it considers as a raw material, as material gas of nitrogen, trimethytgallium 
(henceforth TMG) is used as a source of Ga. trimethylindium (henceforth TMI) Is used as a source of In. and. in 1 100 degrees C and the 
InGaN-MQW luminous layer 3. 600 degrees G - 900 degrees 0, the p-GaN layer 4. and the p+-GaN layer 5 are growing [ the n-GaN 
layer 2 ] NH3 at 1000 degrees C. In addition, although the laminating is carried out by the MOCVD method in this example, a laminating 
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may be carried out by other approaches. 

[0018] The amount of CI and the relation of luminescence reinforcement which were added to the GaN substrate at drawing 7 are 
shown. The luminescence property of a component that CI element is doped by the GaN substrate in 1xl016cm-3 to 1x1020cm-3 is 
good. Moreover, also about Br and I which are other VII group elements, if it is doping of the range of 1x101 6cm-3 to 1x1019cm-3, it 
turns out that a luminescence property is good. By using the GaN substrate which added the VII group element it is possible to grow up 
by the low V/IU ratio in the early stages of growth compared with the GaN substrate which has not added the Vn group element for the 
reason, an in group's migration is promoted and the spiral growth which uses as a nucleus penetration transition which exists in a GaN 
substrate can be controlled. Thereby. InGaN of a luminous layer can be grown up to be homogeneity, and it is thought that luminescence 
reinforcement went up. Moreover. CI of a property is the best also in a VII group element An atomic radius is CKBKI and this thinks 
that it is because distortion is so small that an atomic radius is small and the effect which distortion has on a growth phase is small. 
[0019] In addition, although the GaN substrate 1 in this drawing has been obtained in this example by carrying out the laminating of the 
thick film of GaN, and removing only Si by selective etching after that adding CI on Si substrate, the GaN substrate which added the Vn 
group element by other approaches may be obtained. 

[0020] In addition, the concentration of the VII group element in the n-GaN layer 2 and the InGaN-MQW luminous layer 3 was produced 
so that it might become less than [ 1x101 6cm - ] three. 

[0021] The n electrode 7 and the p electrode 8 are also vapor-deposited in the well-known process with EB vacuum evaporationo 
machine. Ti/aluminum is used as n-electrode material and Pd/Au is used as p-electrode material. 

[0022] The life property of the typical nitride semi-conductor light emitting device in this example is shown in drawing 2 , After aging of 
1000 hours shows 80% or more of eariy luminescence reinforcement. 

[0023] The luminescence reinforcement after 1000-hour aging of the nitride semi-conductor light emitting device which the thickness of 
the n-GaN layer 2 was changed to drawing 3 , and grew up to be it is shown. It turns out that a life property has the good thickness of 
the n-GaN layer 2 at 0.2 micrometers or more. The SIMS (secondary-ion-mass-spectroscopy equipment) analysis result of the 
component to which the property after aging to drawing 4 also set thickness of the good n-GaN layer 2 to 0.2 micrometers is shown. 
Although CI exists in the interface of the GaN substrate 1 and the n-GaN layer 2 by three or more [ 1017cm - ] order, it turns out that 
CI element is below limit of detection at a luminous layer. The SIMS analysis result of the component which set to 0.1 micrometers as a 
comparison thickness of the n-GaN layer 2 to which luminescence reinforcement has fallen after aging to drawing 8 is shown. With the 
component whose thickness of the layer which exists between a GaN substrate and a luminous layer by SIMS analysis is 0.1 
micrometers. CI exists in the luminous layer and it is thought that the luminescence reinforcement after aging for the reason falls. 
[0024] Moreover, even if it grows up by setting thickness of the n-GaN layer 2 to 10 micrometers or more, many properties of a 
component are almost the same, and the thickness of the n-GaN layer 2 is checking that a property is good in a component 10 
micrometers or less. 

[0025] Moreover, the property of time amount is good even if aging time amount uses Se, S, Sn. germanium, and Te as a dopant of the 
n-GaN layer 2 with the component of 1000 hours in addition to Si. Furthermore, the doping concentration of a n-GaN layer is checking 
that a property is good in the range of 1x1016cm-3 to 1021cm-3. 

[0026] Next the result of having produced the component to which the doping concentration of the n-GaN layer 2 was changed, and 
having aged till 10000 hours is shown in drawing 5 . As for the component of 5x1016cm-3. and the component of 5x1020cm-3, 
degradation has taken place [ the doping concentration of the n-GaN layer 2 ] according to aging of 10000 hours. When SIMS analysis of 
the component of doping concentration 5x1016cm-3 was carried out. CI was detected from the luminous layer. Although IV group 
elements, such as Si. are effective in preventing diffusion of CI element, the CI element diffusion prevention effectiveness that the 
doping concentration of IV group element is a VII group element in 5x1016cm-3 is considered that are not enough and CI element has 
been spread to a luminous layer. Moreover, when TEM (transmission electron microscope) observation of the component of doping 
concentration 5x1020cm-3 of the n-GaN layer 2 was carried out after 10000-hour aging, the crystallinity of the n-GaN layer 2 was bad, 
transition had spread to the luminous layer and there was much defect density of a luminous layer. 

[0027] When the component using Si. germanium, Sn. Se, S. and Te as a dopant of the n-GaN layer 2 was produced and the aging trial 
was performed, the component using germanium and Te as a dopant had the large degree of less than 50% and degradation of an optical 
output 10000 hours after to the optical output in eariy stages of aging. When SIMS analysis of the component after 10000-hour aging 
was carried out with the component using germanium and Te as a dopant CI element was detected from the luminous layer. The 
concentration of CI element of the luminous layer of a component using Si, S. Se. and Sn as a dopant was below limit of detection. A Vn 
group element is added, if these results are taken into consideration, as a usual light emitting device, with [ an interiayer's thickness ] 
0.2 [ or more ]. a component with a sufficient property can be obtained, but In the component which needs a longevity life which 
exceeds especially 1000 hours greatly, it turns out that it is necessary to make into a proper value the class and concentration of the 
dopant added to an interiayer. 

[0028] (Example 2) Drawing 6 shows the structure of the nitride system compound semiconductor light emitting device concerning this 
invention. In this drawing, the laminating of the light emitting device was carried out one by one on the n-GaN substrate (Cl:5x1016cm- 
3) 11. The n-GaN layer (0.2 micrometers in Si;1x1019cm-3, thickness) 12. the n-AIGaN layer 13 (0.1 micrometers in Se;5x1019cm-3. 
thickness). It is constituted by forming the n electrode 18 and the p electrode 19 in each of the outermost layer of a layered product 
which consists of the InGaN-MQW luminous layer 14. the p-AIGaN layer 15, a p-GaN layer 16, and a p+-GaN contact layer 17. In the 
case of this example, interiayers are the n-GaN layer 12 and the n-AIGaN layer 13, and an interiayer's thickness is 0.2 micrometers. 
[0029] Next, the production approach of the component of this example is explained. The GaN substrate 11 in this drawing has been 
obtained by carrying out the laminating of the thick film of GaN. adding CI on SI substrate, and removing only Si by selective etching 
after that 

[0030] thus, the obtained GaN substrate 11 top ~ MOCVD — the laminating of the n-GaN layer 12. the n-AIGaN layer 13. the InGaN- 
MQW luminous layer 14. the p-AIGaN layer 15. the p-GaN layer 16. and the p+-GaN contact layer 17 is carried out in the well-known 
process one by one by law. If it considers as a raw material, as material gas of nitrogen. NH3 is used as TMG and a source of In. 
trimethylaluminum (henceforth TMA) is used as TMI and a source of aluminum as a source of Ga. and, in 1200 degrees C and the 
InGaN-MQW luminous layer 14. 800 degrees C - 900 degrees C, the p-AIGaN layer 15 and the p-GaN layer 16. and the p+-GaN layer 17 
are growing [ the n-GaN layer 12 / 1 100 degrees C and the n-AIGaN layer 13 ] at 1000 degrees C. 

[0031] The n electrode 18 and the p electrode 19 are also vapor-deposited in the well-known process with EB vacuum evaporationo 
machine. Ti/aluminum is used as n-electrode material and Pd/Au is used as p-electrode material. 

[0032] As mentioned above, when an interiayer was carried out to more than two-layer and the sum total thickness was 0.2 
micrometers, diffusion of CI from the GaN substrate 1 1 could be controlled, and was able to acquire the same luminescence property as 
the operation gestalt 1, and the life property. In addition, when an interiayer's total thickness was made to increase to 10 micrometers. 
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the same property as drawing 3 was able to be checked. Furthermore, although the interest rate of the two-layer thickness in this case 
and n-GaN layer 12 thickness:n-AIGaN layer 13 thickness were changed to 1:100-100:1. change of a big property was not accepted but 
has checked the same life property. Moreover, when the upper and lower sides of the n-GaN layer 12 and the n-AIGaN layer 13 were 
reversed, the effectiveness of this invention has been checked similarly. 

[0033] Moreover, as a class of dopant which adds an interiayer in each layer at the time of considering as two-layer, from a viewpoint 
which secures the life of 1000 hours, a twoHayer dopant may be the same or may differ mutually that what is necessary is just to 
choose suitably from Si, Se, S, Sn, germanium, and Te which were shown in the operation gestalt 1. It was required to choose a two- 
layer dopant from four sorts. Si, Se. S. and Sn. on the other hand, in order to make the optical output after 10000-hour aging into 50% or 
more of an early optical output. It can be understood that this is the same as that of the result of drawing 5 in the operation gestalt 1. 
[0034] On the other hand, from the 1000-hour aging data of a component in case the above-mentioned middle class is two-layer, as 
well as the case of the operation gestalt 1 in order to prevent diffusion of CI from the GaN substrate 11, it has checked that it was 
important to make dopant concentration or less [ 3 or more / 1x1 01 5cm - / cm / 1x1021 / - ] into three in all the middle class. 
[0035] Moreover, although two-layer dopant concentration which constitutes an interiayer in the above-mentioned operation gestalt 
was made the same as that of 5x1019cm-3 Doping to the n-GaN layer 12 is set to Si;5x1019cm-3, without changing each thickness. 
When the component which changed doping to the n-AIGaN layer 13 with Se;5x1017cm-3 is produced and evaluated, although it was 
changeless for the component of the above-mentioned homogeneity doping, the aging property of 1000 hours, and the aging property of 
10000 hours 12% of improvement (increment) of the eariy optical reinforcement itself was accepted. Although this has the large 
effectiveness of preventing diffusion of CI from the GaN substrate 11, while allotting a field with many dopants in the inclination which a 
crystal defect increases to the GaN substrate 1 1 side and controlling difllision of CI effectively By allotting the interiayer with few 
dopants (n-AIGaN layer 13) who can improve crystallinity for 01 diffusion as a substrate of a prevention function and the MOW luminous 
layer 14 near the MOW luminous layer 14. it is the result of satisfying 01 diffusion prevention and an internal luminous efficiency 
improvement to coincidence. When this effectiveness is not limited only to the combination of the above-mentioned doping 
concentration and an interiayer was formed by two or more layers. It turned out that an interiayer with many dopants is allotted to the 
side near the GaN substrate 11. a layer with few dopants is allotted to the side near the MOW luminous layer 14, and it becomes 
possible to reconcile an improvement of eariy luminous efficiency and an improvement of an aging property. 

[0036] Although this example explained taking the case of the case where an Interiayer Is constituted from two-layer, the interiayer may 
be formed in two or more three or more-layer layers, and the diffusion from the substrate 11 of 01 has been prevented because the 
total value of all the thickness of the layer (interiayer) pinched between the GaN substrate 11 and the MQW luminous layer 14 sets to 
0.2 micrometers or more. Moreover, it turned out that what is necessary is selection of the dopant kind at the time of forming an 
interiayer in a three or more-layer layer, and just to choose it as this example by the same approach as explanation also about doping 
concentration. 

[0037] (Example 3) Drawing 10 shows the structure of the nitride system compound semiconductor laser component concerning this 
invention. In this drawing, the laminating of the light emitting device was carried out one by one on the n-GaN substrate 21. The n-GaN 
substrate layer 22 (Si;1x1019cm-3) of 0.05-micrometer thickness. The n-AIGaN cladding layer 23 (31:2x101 8cm -3) of 0.4-micrometer 
thickness. The n-GaN guide layer 24 (Si;8x1017cm-3) of 0.05-micrometer thickness. It is constituted by forming the n electrode 40 and 
the p electrode 41 in each of the outermost layer of a layered product which consists of the InGaN-MQW luminous layer 25, the p- 
AIGaN protective layer 26. the p-GaN guide layer 27. a p-AIGaN cladding layer 28, and a p+-GaN contact layer 29. The interiayer In the 
case of this operation gestalt is three layers, the n-GaN substrate layer 22. the n-AIGaN cladding layer 23, and the n-GaN guide layer 
24. 

[0038] The GaN substrate 21 In this drawing has been obtained by carrying out the laminating of the thick film of GaN, adding 01 on Si 
substrate, and removing only Si by selective etching after that. 

[0039] thus, the GaN substrate [ which was obtained ] 21 (OI;2x1016cm-3) top with which Ol was added — MOOVD — the laminating of 
the n-GaN substrate layer 22. the n-AIGaN cladding layer 23. the n-GaN guide layer 24. the InGaN-MQW luminous layer 25. the p- 
AIGaN protective layer 26, the p-GaN guide layer 27. the p-AIGaN cladding layer 28, and the p+-GaN contact layer 29 is carried out in 
the well-known process one by one by law. As a raw material, NH3 as a source of Ga as material gas of nitrogen TMG, TMA is used as 
TMI and a source of aluminum as a source of In. The n-GaN substrate layer 22 1100 degrees C. In 1200 degrees C and the InGaN-MQW 
luminous layer 25. 600 degrees 0 - 900 degrees C. the p-AIGaN protective layer 26 and the p-GaN guide layer 27, the p-AIGaN cladding 
layer 28, and the p+-GaN contact layer 29 are growing [ the n-AIGaN cladding layer 23 ] at 1000 degrees G, CI and other VH group 
elements did not carry out three layers of addition to 22, 23, and 24 intentionally, but CI corresponding to an interiayer which remains in 
the film was begun here, and it formed so that VH group element concentration, such as Br and I. might also be less than [ 1x1 01 6cm - ] 
three. 

[0040] The n electrode 40 and the p electrode 41 of the shape of a stripe with a width efface of 3 micrometers are also vapor- 
deposited in the well-known process with EB vacuum evaporationo machine ( drawing 10 Is drawing only the part in which the stripe-like 
p electrode 41 exists). Ti/aluminum was used as an ingredient of the n electrode 40, and Pd/Au was used as an Ingredient of the p 
electrode 41 . Moreover, the laser cavity end face was formed by carrying out the cleavage of the produced wafer 

[0041] Where this laser component is operated under 60-degree-C ambient atmosphere so that a laser beam output may become fixed 
30mW. when life test was carried out. as for the threshold current, after aging of 5000 hours did not go up to about 1 .07 times of the 
threshold current at the time of aging initiation, and degradation of a remarkable laser component was not accepted. Furthermore, when 
life test was continued over the long period of time, it turned out that the time amount (component life) to which a threshold current 
goes up by 1.2 times the eariy threshold current is 12000 hours. This is sufficient life in order to apply this laser component to an 
optical disk etc.. and it has checked that the practicality of this component was very high. 01 is the result of controlling that 01 reaches 
about 24 luminous layer and degrades a luminescence property and a laser oscillation property 2x101 6cm-3 like [ this ] the operation 
gestalten 1 and 2 by making it intervene between the GaN substrates 21 and luminous layers 25 which were added about the interiayer 
In whom the VH group element is contained less than [ 1x1 01 6cm - ] three. 

[0042] Although Si was used as an interiayer's dopant as the above-mentioned operation gestalt. also when any of Se. S, and Sn were 
used, and also when a dopant was made Into a different class for each class, the same component life as 'Momc has been checked. 
Furthermore, also when changing only the dopant concentration contained in an interiayer in the above-mentioned operation gestalt, the 
life which exceeds 10000 hours in 3 or more [ 1x101015cm - ] and 3 or less [ 1x101 9cm - ] range was able to be acquired, the layer 
containing three or more [ 1x1 01 9cm - ] dopants is being in about 25 luminous layer, and this needs it to a superfluous free carrier — 
since absorption increases and an oscillation threshold current goes up. it is because a component life becomes short with 1000 or less 
hours. In the component of an above-mentioned operation gestalt only therefore, the thickness of three layers which constitutes an 
interiayer 0.8 micrometers and n-GaN guide layer 24 thickness for 0.85 micrometers and n-AIGaN cladding layer 23 thickness like 0.15 
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micrometers [ n-GaN substrate layer 22 thickness ] When almost all laser beams are confined In a luminous layer 25 side rather than 
the n-AIGaN cladding layer 23. as for Si dopant concentration of the n-GaN substrate layer 22, it is possible to make it increase to 
1x101021cm-3. The dopant concentration of the n-GaN substrate layer 22 rather than other interiayers Three or more [ thus, / 
1x1019cm - ] By choosing in the three or less [ 1x101021cm - ] range, and making or less [ 3 or more / 1x10l015cm - / cm / 
1x1019 / - ] into three dopant concentration of the n-AlGaN cladding layer 23 and the n-GaN guide layer 24 in the range over which a 
laser beam Is distributed While preventing effectively diffusion of CI from the N-GaN substrate 21, the optical high gain in the 
indispensable luminous layer 25 was secured to laser, and it became possible to obtain a low threshold current (35mA in this case). 
[0043] Although sum total thickness of the interiayer (they are the n-GaN substrate layer 22. and the n-AIGaN cladding layer 23 and 
the n-GaN guide layer 24 at this example) who exists between the GaN substrate 21 and a luminous layer 25 was set to 0.5 
micrometers with the component of this operation gestalt. the threshold current after 5000-hour aging of the nitride semi-conductor 
light emitting device which only this interiayer s thickness was changed and grew was investigated. The component life of 10000 hours 
or more was acquired for an interiayer's sum total thickness in 0.5 micrometers or more, moreover — moreover — although many 
properties of the component which made an interiayer's thickness larger than 10 micrometers were also almost the same, if there are 10 
micrometers of interiayer thickness practically — sufficient Moreover, when making it increase to 1.5 micrometers or more in an 

interiayer's sum total thickness, the direction which forms other thickness in a GaN layer could reduce the threshold current by making 
thickness of an AIGaN layer into the range of 1.5 micrometers or less, as a result the long component life has been secured. Therefore, 
it turned out that the thickness of the n-AIGaN cladding layer 23 should make 1.5 micrometers maximum, and should choose. By AIGaN 
which has the thickness exceeding 1.5 micrometers, this is considered for the function as an interiayer to fall, in order that the 
increment in crystal transition and the hole of N atom may increase and 01 element may carry out anomalous diffusion from the GaN 
substrate 21 through this. * 

[0044] Thus, when this invention was applied to nitride system compound semiconductor laser, it became possible to realize the 
semiconductor laser of the purple (wavelength: 400-420nm band) which can control the effect of diffusion effectively and has a good life 
to the luminous layer 25 of the VH element from the GaN substrate 21 with which the Vn group was added by forming in the range which 
specifies an interiayer in this invention. 

[0045] In addition, in the above-mentioned gestalt. although n-substrate layer 22 and n-guide layer 24 were explained as GaN. they may 
be constituted from a semi-conductor layer of the InGaN mixed-crystal system of 3 yuan which added In in 1% - 20% of range, and may 
constitute In also about n-cladding layer as AIGAInN a layer of 4 yuan added in 1% - 20% of range. 

[0046] (Example 4) The structure of drawing 1 explains the example using p mold substrate. The component to which only the thickness 
of a p-GaN layer was changed in the light emitting device of the structure which carried out the laminating of a p-GaN layer (an 
interiayer. Mg;5xl019cm-3. less than [ GI;1x1016cm-3 ]). an InGaN-MQW luminous layer, and the n-GaN layer one by one on the p-GaN 
substrate (01:5x1 01 6cm-3) was produced, and the luminescence reinforcement after 1000-hour aging was measured. The life property 
had the good thickness of a p-GaN layer at 0.2 micrometers or more. With the component whose thickness of the layer which exists 
between a GaN substrate and a luminous layer by SIMS analysis is 0.1 micrometers. 01 exists in the luminous layer and it is thought that 
the luminescence reinforcement after aging for the reason falls. 

[0047] moreover. ****** which acquires a property with Mg concentration of a p-GaN layer good in 1x1018cm-3 to 5x1020cm-3 — 
things were understood. 

[0048] Furthermore, like this example, when p mold substrate and the component using. p mold middle class are aged till 10000 hours, all 
the components that used as the p-GaN layer the layer which exists between a GaN substrate and a luminous layer have deteriorated. 
[0049] In addition, although considered as the light emitting device of the structure which carried out the laminating of a p-GaN layer, 
an InGaN-MQW luminous layer, and the n-GaN layer one by one on the p-GaN substrate in the example using p mold substrate of this 
example A p-GaN layer, a p-AlGaN layer, an InGaN-MQW luminous layer, and a n-GaN layer by the light emitting device of the structure 
which carried out the laminating one by one. i.e., the component made into the two-layer structure of a p-GaN layer and a p-AIGaN 
layer as an interiayer, on a p-GaN substrate Although the life test result of 1000 hours had good interiayer thickness in 0.2 to 10 
micrometers when the experiment to which an interiayer's thickness (sum total thickness of a p-GaN layer and a p-AIGaN layer) was 
changed was conducted, life test of 10000 hours was not able to be borne. 

[0050] Moreover, when C which is IV group element was used as the middle class's dopant, and the aging trial was performed, although 
the life property by 1000 hours was good, life test of 10000 hours could not be borne, but the same result as the case where Mg is used 
was obtained. 

[0051] Although the above-mentioned examples 1-4 have explained all about the component with a luminescence wavelength of 460nm. 
the relation of 01 concentration in the luminescence reinforcement and the luminous layer at the time of changing luminescence 
wavelength to drawing 9 is shown. The output of an axis of ordinate is expressed with the relative output with the time of setting to 1 
luminescence reinforcement of the component whose 01 concentration in a luminous layer is below limit of detection. The result of 
having investigated the relation between Ol concentration in a luminous layer and luminescence reinforcement about the component 
from which luminescence wavelength differs is shown. The figure in a graph is luminescence wavelength. The effect of the VH group 
element in a barrier layer is so large that luminescence wavelength is long in a nitride semi-conductor light emitting device. Distortion is 
contained in the barrier layer, so that the presentation of In is large (so that luminescence wavelength is long), and it is thought that the 
effect of CI comes out notably. 
[0052] 

[Effect of the Invention] By this invention, a luminescence property and a life property can obtain a good light emitting device in the 
nitride semi-conductor light emitting device using a GaN substrate. 
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DESCFaPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It Is the outline sectional view showing the structure of the nitride semi-conductor light emitting device concerning one 
example of this invention. 

[Drawing 2] It is the life property of the nitride semi-conductor light emitting device concerning one example of this invention. 
[Drawing 3] It is the graph which shows a GaN substrate, the thickness of the layer which exists between luminous layers, and the 
relation of the optical output after 1000-hour aging. 

[Drawing 4] It is as a result of [ after 1000 hour aging ] SIMS analysis about the component which set to 1 micrometer thickness of the 
layer which exists between a GaN substrate and a luminous layer. 

[Drawing 5] It is the graph which shows the relation of the doping concentration of the layer directly under a luminous layer, and the 
radiant power output after a dopant and 10000-hour aging. 

[Drawing 6] It is the outJine sectional view showing the structure of the nitride semi-conductor light emitting device concerning one 
example of this invention. 

[Drawing 7] It is the amount of a Vn group element and the relation of luminescence reinforcement which were added to the GaN 

substrate. 

[Drawing 8] It is as a result of [ after 1000 hour aging ] SIMS analysis about the component which set to 0.1 micrometers thickness of 
the layer which exists between a GaN substrate and a luminous layer. 

[Drawing 9] It is the relation between CI concentration in a luminous layer when setting to 1 luminescence reinforcement of the 
component whose CI concentration in a luminous layer is below limit of detection, and luminescence reinforcement. 
[Drawing 10] It is the outline sectional view showing the structure of the nitride semi-conductor light emitting device concerning one 
example of this invention. 

[Drawing 1 1] It is the outline sectional view showing the structure of a general nitride semi-conductor light emitting device. 
[Description of Notations] 

1 — GaN substrate 

2 — n-GaN layer 

3 — InGaN-MQW luminous layer 

4 — p-AIGaN layer 

5 — p-AIGaN layer 

6 — p+-GaN contact layer 

7 — n electrode 

8 — p electrode 
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2 igtfO H->'^•> h igig$: 5 X 1 0 1 9 c m- 3 fc III 
-i:U/v:*«. ■5-il-f*i<!De©?rS-(b$-y-rtc> n-Ga 
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NJil 2^<?)K-t>'i?'2-S i ; 5 X 1 O'^ c m-s i: 
L. n-A 1 GaNiil 3^0 h'-f^^'Jr S e ; 5X 

10 0 omm<r)j:.-'jy^m^iij:z/i 0 0 0 o^rao 

C 1 eoffitJr^^aSMlcffllSiJ-r-S. i: i: MQW^ lO 
^ 1 4c0jfi< tCfiC 1 imt:m±m^tNlQW^^ 

Vh<?)^i'-^V>*raJl ( n-A 1 GaNJl 1 3 ) Srifi-TS 

mmim^Tm^-t^^i,zi±. GaN««incifi 

Ji-=Jyi^^(r)is^t:mi.^-thztt^ 20 
[0036] 'pfSim^2mTm&Ltzw, 

mTm^^tlX^'^XhBiK. GaN^l 1 tMQW^I 

4</)mi,zmtixf::B (.<^^m) co-^xcommco^ 

mttfiO. 2uml;Xtb-r^ZbX\ c 1*» 

[0037] (.mmms ) m i o^i^^^m^zmh^mit 

fcfcV^T^bt^^tt, n - G a NmSL 2 1 idWRiCSS 
$iX3t, 0. 0 5/zmiPcOn-GaNTitfcJI2 2 (S 
i ; lX10i9cm-3) , 0. 4/imSLOn-A 1 Ga 
N:?5"/KS2 3 ( S i : 2 x l 0»8 c m-s ) , 0 . 0 
5//mJi:<7)n-GaN*''f h'il24 (Si : 8x 1 O^' 
cin-3) , I nGaN-IVIQW5Btii2 5, p-A 1 G 
aN«SJ126. p-GaN;^r'-f Hig2 7. p-AlG 
aN^'7-yHa28, p*-GaN3>'^':7 h«2 9 i 40 
'9^'2>S®*OS?|-il<7)«-^tCnlEI§4 0, p^4 1 

(^J^Oiili, n-GaNT%ii2 2. n-AlGaN^ 
7-yh'J123, n-GaN;y-f KB24(7)3ST'S>I>. 
[0 0 38] Sia«±lCC 1 ^^L^:A^^>GaNc7) 

mmmmt. ^ff^ms ico^imsiJ^ y^yyizj:^ 
!^i-hzt{zx-)X. mmi>zi5ifhGa.Nms.2i^ 

[0039] Z(oii 0 izLxntz, c 1 tf^msa^fifzG 

aN2«2 1 (C 1 : 2X 1 Oi6cm-3) <0±fcMOC 50 
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VDffitC<t>9n-GaNT«fiii2 2. n-AlGaN:^ 
7-yKJ12 3, n-GaN;j!/">f HJi2 4 , I nGaN- 
MQW^®2 5, P-A 1 GaN^ga2 6. p-G 
aNXf-<KM27. P-A 1 GaNi77 y KS28, p 
*-GaN3>':J':7hJi2 9$'Ji|I<X, ii-ftKOrD-fe;^-? 
WSLTV^?>, IE1^Wi:LT{i, M^OJS^^'xi: LT 
NH3$r. GaiSiiLTTMG, I njlt LTTM K 
AljitLTTMA^fflt^TfcO. n-GaNTiaii2 
2{ill 00"t. n-A 1 GaN^7-y K®23{il 2 
OOr. I nGaN-MQW^S2 5«i6 0 or— 9 
OO'C. p-Al GaN^SJ12 6±3j;t>'p-GaN;if 
■^KS27. P-A 1 GaN^^-y KJS28. p*-G 
a.nay99hm2 9(i:l 0 0 0•a^T^*^^foTV^ 
i). ClCl-C. 5 3JI2 2. 2 3. 24(3 

{±0 1 t>j;i^-?-«offl!<7)v I i-mmiiM^zmsi&i-^ 
-r. M^t^ss-r-i. c 1 ^^)sbB r , I ^<7)v 1 1 mt 

Wm.hl>^ 1 Oi6cm-3*)f|T'S)&i otc?g«L)t. 
[0040] nlMi4 0i3j:l/^ili3;Ltm<?)^h7'fr*^ 
<0p««i4 1 i>EBmMmzi 0^O7-o-fe;^-C^« 
LTV>S (Hi 0\iXhy^-r^<7ipnMA icry^-f 
^U^<r>?f-^1i^\^X\^^) . n«ffi4 0<:7)$t^t UTti: 
Ti/Al2r. P^4 lc7)«-^^LT{±Pd/AuSr 

^^m-thZt^zii^m^Ltz, 
[0041] ^\y-^m^^]y-^%^:hi)'^3 OmW— 
^fc=SrS i atce 0'C#SI^Ttcfcv^T»#$-««:*t'S 
<,zxm^WM.^mk LfzkZ^. 5 0 0 0 ^raOJi-v-' 

0 7fi^SJg{ct*»±#LTfc'c.-f. ^=5:^— 

{crafflsg£3&^'±#-r-&i^fa {m=f-m^) 1 2 0 0 0^ 

ia-Ci5 S ; i: **^*»r> ti. Z.fai. ^ ^ :x ^mt,zz^i- 

-^M'f^mm-t^ fzif^iz+^^m^x'^ 0 . ^^<7) 
mmit*^^mizm\'^z timmx'^rz. ztrn, mm 

!Sl*>J:tX2fc|3I«Kc, VI liSTSg**! X 1 0»6cm 
-3*}1IL*^■^ii^TV^^v^tf0;i$r. C 1 *<2x i o'« 
cm-3^p$iXf^GaNS«2 1 i^5M2 5 ttfO^t* 
:n-^E$-ti--i. J: t J; 0 . C 1 3&<%3\yS 2 4 X'M 

[0042] iMcrmmmt lt{±4'Sjio kwx-v 
ttTtii^i, i^tmncm^m^imt&x'^fz. $ 

higJgo;^cSr^^t;$-ii-fv:*&(ct>, IxiOlQiScm 
-3JiLh, 1 x 1 0^9cm-31^^T<oeH^Ci>t^Tl 00 0 
0^S$:Sx.6»^?rf§i>Ci:*«T'S=Jt. ZiXkt. ix 

1 Oi9cm-3j;Lh(?)K->'t>h^:-i5-tr®*«5Bee2 5jS 
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mmmm.m^±^-t^fzif>. m^m^^i ooo 

Hff-^, n-GaNTiiyi2 2Ji:$rO. 85/im, n-A 
1 GaN:77-y KS23Jf$:0. Sum^ n-GaN;ijr 
■^KJi24l5^0. 1 5/xm<7)j:otC, {5i:^i:'<7)^- 
-r3fe$r n - A 1 G a N :7 7 -y Kil 2 3 J; 0 t 2 5 
m(>zm tTl^tz^-^iZii , n - G a NTifiJi 2 2(7)3 i 
h'WN-yhigjgtii X 1 0 1 021 cm-3^T'iSilI$-<i:l. 
ZtiJ^^mX'hh. Zcr,J:ol,Z. n-GaNTlteJ12 2 
<^ H-A-v hSSS^fScotf ^Jl J: 0 1 1 X 1 O's c m-3 

jjLh. 1 X 1 0 1 c m-^iiiTcosmx-mtKL. U- 

"fiet^-^^-Th^miZh ^n-AlGaN^7-yh'a2 
3fcn-GaN;*M Kg 2 4 <7) H->'N'>- hjgSS- 1 X 1 

0 1 QiScm-sijUil X 1 0i9cm-3tilTt-rSC:i:C 
iO, N-GaNS:^2 lA^'^iTDC 1 <7)t£iS:^S!)^S<)t: 
Rfei-r ■& i: t . U-^l,Z!iimcr>^tm 2 5 T'tfOi^lr ^ 
3te^-My€r5i«t, ffiV^@3ffl^SE (C:i7)%g-3 5mA) 

[00433 ^tmm<Dm'FX'liG a NS«2 1 til 
^2 5 iOSCff^i. 4'raJl ( *SI56WT'{±, n - G 
aNTiffie22i: n-A 1 GaN:J'7>y KS23, n- 
GaN*'-< Ka24) co-ttfm^HO . ^umbLfz 

5 0 0 Oi^iaj:->''yjJ^^tOB5ffi€8iE 
$rP^fc. *raJl<7)-^fhJl$*^'0. 5/xmm±tOSHT- 

1 0 0 0 omminicnm^m^tmi^tifz. trz. t 

^c. >4^S«£0/f $ $r 1 0 /X m J: 0 i>^# < 

mhtni+-;d-X'$) ^-yfz. tfz. 'pmm<7)'^s^m^ i . 

5/imUUittiJD$-l±i.*^t«, A 1 GaNa«OJi:$ 
til. 5;umJaT<7)^i: L. -5-<Of6<7)J5${iGaN® 

XliM\''^m^m^^mUX'^ti. m-^X. n-A l Ga 
Ni?7-xKJi2 3<7)J5${al . 5//m$r«;*cfit LTS 
fli-t^^Thi>Zttm^'>fz. ZtH±. 1. 5;Ltm5r 
S;i2.J5$5r*-rSA 1 GaNTH, ^^BW^comm 
b. NJI^coS?L*5iStDL, Ztizr-fi-LXCljiMtfiG 
aNSS2 1*><i>Smt5rr'g.^tf>, ^JlUJit LTtOlg 

[ 0 0 4 4 ] ^<7)J: ^ *^B3^S-fk!fem^-^^ 

THj^p-rsiEH(cTjg^-r-& i: t i •) V 1 1 mi^ma 

^flfzGaNmWL2 1ii-t:>C7)V I l7€m<^^^2 5^ 

<7)m^(r)m^z:ti}m^izmiT^ . A»^*Tf^&^-ri, 

^fe : 4 0 0~4 2 0 nin«) <D¥^W\^-^i 

[ 0 0 4 5 ] ^ij . ±Mmmi>zi3\,^xii±. n -Tmm 2 

2. aXXfn-^^ HJi24{±GaNi: LT^BBLfc 
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*^ I n ^ 1 %~2 0 %cr>mmX'maLtz I n G a N 3 

tcoviTt I n2rl%~2 0%<^)©HTm8DLJtA 1 G 
A I nN47c;ii: L--C«^L.T t>^v\ 

[0046] {mm A) mi <7)Wkx\ pss^sts 

V^/cWCOV^TSiBtf -S. p-GaNa^ (C 1 : 5X 
1 OiScm-3 ) ±tCp-GaNS ("fi^;!. Mg : 5x 
1 Oi9cm-3. CI ; 1X1 0'6cm-35|^}t) , I nG 
aN-MQW^^te. n-GaNjS^JIi<*SI«L/i«ji 
10 <7)^m^Cc:tJViTp-GaN«OjiJi:tfO;2*.S:^-f|:$-l±- 
TtrS^^f^iSL. 1 0 0 Oi^fflx-i'V^'mco^^S 
,?:ai^L!t. p-GaNJlc7)ii[§*<0. 2//mJiLhT'» 
^mLifim-X'h-yfz. S I M S^^ftJ: 0 G a N«« 

t^Btnoratci^itf -sa-joji^^^'o . 1 At m<r)m=FX' 
^m^mmT-t^b^z.t,ixh . 

[0047] ^A^, p-GaNifiOMg-ilSJl. ixl 
Oi8cm-33&»^>5x 1 02''cm-3£7)ilEffl-Cft#'5r!^5: 

20 [0048]$ i^^z^ pSS^, pS 

^mm^m\^fzm'?-i.i. ioooomfiit.x'3i-i>v^ 

Ltzb^L^. GaN««i:5BtS<^ratc^^-ri.JlS:P 

[ 0 04 9 ] i^, immmcr>pmm.i:m\'^fzmv\tp 

-GaNS:K±tCp-GaN@. I nGaN-MQW% 
n - G a N«Sr)il»«if Ltzmt<r>^!^=f-b L 
/t*^ p-GaN^±tCp-GaN®. p-AlGa 
nm. I nGaN-MQW5Btii> n-GaNjl2rJlI<ii: 
«SL7^>;«3t<^^«^. EP*>. 4'raJltfCp-Ga 
30 N«i: p - A I G a N«<^ZM«Jii: Ltzm=f-X\ 4"^ 
JlcOJlIf: ( p-GaNJifcJ;l/^p-A 1 GaN/fiJD-^tf 

0. 2jLtm*>^>l 0Aem<7)BfHTJ±l 0 0 0^(75»tf& 

tfi^mti A»-r-s> -5/^*5, 10 0 0 0 i^ia<^^sE®i 

[00 50] i3^>:, 4'iaS£7)K-y\-vhi:LT, I Vfil 

1 0 0 O^S^T-cO^^&^ttJS^SfT-S) -5 7^*^1 0 
0 0 Q^f^com^mk\<Z\,±mx. hixf. M g 2rfflV>fc« 

[0051 ] ±.tm^m 1 *>^. 4 {i-r^T^«^«4 6 
^ttoai:>n5, i iss^^i^ai 

|5S-^WTT'^)I.S^^o^^S- 1 b Lfz^b<r>mn\h 
^jT'^LTv^^. ^BfeJi+cTjc \ ms.b^^<r>m^ 

50 mm<^Wfi±%\'^. I n<7)ffl«#:^v#V^{5i:' (fBK 
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1 1 

C0052] 

[03 3 GaNS«Ri:^34yi<^S{c#^£f«.«iOffSi: 
1 0 0 Ol^igx-i/'i^^^^tail^JOM^?:^^^^ 

[04 3 GaNS«i:SBiyiOStC^-f-Se<0JS$^ 
1 At m t U/i»^Sr 10 0 0 V^^—i^-yyt^S I M 

[05 3 ?&3KSli:T<7)JlOh'-b-yjrigjK, H-ys-^h 
fc 1 0 0 0 oi^x-i^-y^t^^tts:^i7)Bg^$-^ 

[06 3 ^wm-mmi,z^hhm.im^w-^^ 
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[[173 GaNSStC^DL/::V I Ifil7C*<7)fii:^ 

[08 3 GaN««J:^5Mco®lc:ift£-r.i>McOff^& 
0 . l.jxmt Ltzm^2: 1 0 0 OB#igx— i^v^'f^^oS 

[09 3 ^3t/14'C0C 1 iag*^':^tli|iB-^mTT'S>^^^ 

[010 3 *^B3<?)-ie6fififlJfc«i3SM'fl:!|4l#^f*:fBt 

[0113 -««=3:^-fb1?!l^#:^^^£0fi|jt^^-r 
«|B&BraB0-cS>S. 
[^?-§-c7)SiHH3 
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